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CROSS-REFERENCE TO RELATED APPUCATtON 
This appKcation daims priority under 35 USC 119 from Japanese Patent 
Apfdication No. 2002-201736, the disclosure of which is incx)iporated by iieferenoe 
hetefai 

BAaCGROU>C) OF THE INVENTION 
Fidd of the Invention 

The present invention relates to a display device, and in particular, to a 
display device which scans an imagp display body such as a screen, a display 
panel or the Hke witii a Ught beam modulated in accordance with an imagp signal 
and displays an image on the image display bcxly . 
Description of tihe Related Art 

As conventional laser display devices, for example, devices (1) - (3) 
described bdow have been known. 

(1) A device in whidv one laser beam is modulated in accordance with 
image signal by a li^t modulation dement^ and this laser beam is deflected along 
a main scanning direction and a sub scanning directioiv thereby, an imagp display 
body sudi as a display panel or the like is scanned witfi this laser beam and an 
image is displayed on the image display bcxly. 

(2) A device in which, laser beams are modulated in accordance with image 
signals by an one-dimensional spatial light modulation elema:\t in which a 
plurality of pixel portions are arranged in a line m anner, and a set of the laser 
beams which are arranged in a line manner are deflected along a direction (a sub 



scanning direction) orthogonal to an arrcm^ment direction (a main scanning 
direction), tiiereby, an imagp display body such as a screen or the like is scanned 
with this set of tiie laser beams and an image is displayed on the screea (for 
example, refer a Japanese Patent Laid-Open No. 2000-131838) 

(3) A device in whidv laser beams are modiJated in accx>rdanoe with image 
signals by an two-dimensional spatial ligjtit modulation element in. which a 
pltirality of pixel portions are arranged in a two dimensional manner, ti\ereby, a 
laige number (a number of display-pixels) of the laser beams which are arranged 
in a two dimensioi^ manner areima^formed on an image displayed body by 
respective image-forming systems and an image is displayed. 

In the laser display devices mentioned above, generally, increasing of a 
number of display-pixds is necessary in order tinat a display imagp is made high 
definition. This will be described hereinafber concretely- For example, when 
considering in a casein whidi a monochrome image of pixels (lOOOOx 7500) is 
drawn (image-formed) in sixty frames per second In a case of the laser display 
device (1) mentioned above, it is impossible as a matter of fact that the laser beam 
is modulated in accordance with the image signal by one li^t modulation 
element Because a modulation frequency of the light modulation element is about 
43 Gtiz, tiiat is, it is very high speed (rate). 

Further, in a case of the lasa* display device (2) mentioned above, regarding a 
number of the pixels of the one^iimensional spatial light modulation element 
necessary to modulate the laser beams, at least 7500 pixels aie necessary. On the other 
hand, it is gmecal that a number of the pbcels of the one-dimensional spatial light 
modulation element is about 1000 pixels at the most Accordingly, in the case of the 
laser display device (2), many nurotm of (more than or equal to eight) flie one- 
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dimensional spatial tig^t modulation elements are necessaiy. In such a case^ it is 
difiScdt to manuiactur& the device in low cost Further, image quality detedoration Obboer 
defect) caused by pixel defect of the on€Kiiinensional spatial Ugjit modulation element 
may often cccur. 

Rmfaer^ in a case of the lasa display devke (3) mentioned above;, at least 1 0000 x 
7500 pixels are necsessaiy legaiding a number of the pixels of the two-dinn^ooal spatial 
li^ modulation dement necessary to modulate the laser beams. Therefore, in the 
case in which a plurality of the two-dimensional spatial li^t modulation elements are 
used to modtdate the laser beams, problenris which basically are the same as those 
in the case of the laser display device (2) arise. Further, in a case in which the two- 
dimen^cKial spatial li^t modulation element whose number of pixels are 10000 x 
7500 is manufaduned, numerical quantity of devices (spatial ligfit modulation elements) 
obtained from an one wafer becomes e>dremely small due to yield becoming low 
because of kicreasing of rate of occurrence of pixel defect and si23e of the device 
being large. As the result, the cost of the device becomes very hi^ Therefore, 
manufacturing cost of thelasar display device using such the two-dimensional spatial light 
modulation element becomes also high. 

Next the result of studying a case in which animation (moving hnage) is 
displayed by the laser display device mentioned above will be explained For 
example, in a case in which an image modulation period of an one image (frame) 
in a dsplay device having a resolution of 10000 pixels inasub scanning direction and 7500 
pixels in a main scanning direction is calculated, a frame rate of at least 30 frames per 
second is required in order that flicker is not perceived and smooth animation is 
displayed. Normally, a frame rate of about 60 frames per second is required 
Accordingly, in order to obtain frame rate of 60 frames per second, modulation 
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period of a ddsplay image is "one second / 30 = 16.7 ms'' . Furtt^r in the case in 
wHchaiesdudoninasubscanningdiiecd 1(XXX) pixels, and assuming scanniiig 
efficiency of a scanning device such as a galvano mirror is 80 A modulation period 
per one pixel is 'UO 1 67 * 0.8 / 10000 ^l3fjL s'\ ft is difficult to modulate pixel in 
accQfdancewilii image signal widiin such a short period by a gene^ spatial li^t 
modulation element 

SUMMARY OF THE BWE^ 
The present invention was developed by consideration of the above 
mentioned problems, and an ol^'ect of tiie present invention is to provide a low- 
cost display device by which increasing of number of spatial light modulation 
elements and increasing of number of pixels can be suppressed, and higti definition 
of a display image is easily realized^ 

Further, an object of the present invention is to provide a display device by 
whidi an imagp can be displayed with a frame rate which is faster than a frame 
rate obtained from inherent pixel modulation period of a spatial modulation 
element while definition of a display image can also be realized . 

A first aspect of the presecit invention is a di splay device comprising a li^t 
source section whid\ emits a li^t bearrv a spatial (space) li^t modulation dement 
in which a plurality of pixel portions, each of whose state related to light 
modulation is changed in accordance with an image signal, are arranged in a two 
dimensional manner, and whidi modulates, every each pixel portion, the light 
beam incident to the plurality of pixel portions from tihe light source; a pixel size 
adjustment section included in an image forming optical system for imaging the 
light bearn, in which a plurality of beam reduction portions are arranged in a two 
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dimensional manner correspondingly to tiie plurality of pixel portions, a diameter 
of the light beam modulated by the pixel portion being reduced by the beam 
reduction portion ODnesponding to the pixel portion modulating the light beaxtt; 
and a scanning section, by deflecting (pdarizitig) a group of the lig^t beams whose 
diameters ate reduced by the pixel size adjustnnent section in a sub scanning 
directiorv which scans a surface to be scanned of an image display body witiK the 
group of the Ug^t beams, wherein the plurality of pixel portions are arranged 
along a column direction and a row direction corresponding to the sub scanning 
direction and a main scanning direction orfriogonal to tiie sub scanning direction 
respectively, at least the column direction being indined with respect to the sub 
scanning direction by a predetermined indining-arigle, and the indining-angle is 
set in accordance with a scanning density of the light beam in the main scanning 
direction on the surface to be scanned. 

In a second aspect of the present invention according to the first aspect the 
indining-angle is set sudK that light beams modulated by a plurality of the pixel 
portions are scanned on the same position on the surface to be scanned . 

In the third and the fourth aspects of the present invention according to the 
first and second aspects, the light source section comprises a red laser lig^t source 
device which emits a red laser bean\ a green laser ligiht source device which emits 
a green laser bearrv and a blue laser light source device which emits a blue laser 
beam, and the red laser beanv the green laser beam, and the blue laser beam, 
emitted from the red laser li^t source device, the green laser ligjht source device, 
and the blue laser light source device, respectively, are modulated by a pliorality of 
spatial light modulation elements, respectively. 

In the fifth and the sixth a:^^ts of the present Invention according to the 
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first and second aspects, the ligjit source section is a laser lig^t source device, in 
which GaN semiconductor laser is used as a li g^t source of the laser li^t source 
device and which emits a laser beam whose wavelength is in 400 niPhband, and 
an emission type screen, piovided with a luminophor (a fluorophor), which 
displays an image, is used as tiie ima^ display body, the luminophor emitting a 
white lig^t by the laser beam whose wavdengtiti is in 400 run band being 
irradiatfid ttiereon. 

In the seventh and the eighth asp)ects of the present invention according to 
the first and second aspects, the light source section is a laser li^t source device, in 
which GaN semioonductDr laser is used as a light source of the laser li^t source 
device, and which emits a laser beam whose wavelength is in 400 nm band, and a 
luminophor type screen^ provided with a red Ivoninophor, a green luminophor, 
and a blue luminophor at eadi display pixet is losed as the image display body, 
the red luminophor emitting a red li^t the green luminophor emitting a green 
light and the blue luminophor emitting a blue light by the laser beam ^^^ose 
wavelength is in 400 nm band being irradiated thereon 

In the ninth and the tjenth aspects of tiie present invention according to tiie 
first and second aspects, ftie spatial ligjht modidation dement is a two dimensional 
spatial lig^t modulation dement in whidi a plurali ty of pixd portions enabling 
li^t modulation are arranged in a two dimensional manner, and the U^t beam 
emitted from the light source section is modulated by using only a part of the pixd 
portions of the two dimensional spatial ligjit modulation dement 

In the eleventh and fiie twefih aspects of dbe ptesent invention accoiding to the first 
and second aspects, the ^^atial light modulation element is a digital micro mirror device in 
which aplurality of micro niiiTOTs> each of whose angjie of a reflection surface is changable 



6 



m aooQixiaiice >V]th an linage sign^ 

substrate thereof, and the li^t beam emitted fium the light source section is modulated by 
using only a part of the nuoo nrinxxs of the digital nrii 

In the thirteenth and the fourteenth aspects of the present invention 
aocoiding to tiie first and second aspect^ the spatial lig^t modulation el^xient is an 
optical shutter array in which interfiBrence type optical shuttsers are arranged in a 
two dimensional manner, the interference type optical shutter comprising: an one 
of electrodes, disposed to have a predetermined angje with respect to the li^t 
beam incident thereto from the li^t source section, another of tiie electrodes, 
which faces the one of the dectrodes, and a flexible thin plate which is disposed 
between the other of the electrodes and the one of ftie electrodes, and which is 
transparent;, wherdn the flexible thin plate is deformed due to coulomb force 
generated by applying voltage between the other of the electrodes and the one of 
ttie electrodes, and fl\e li^t beam is modulated by one of the ligjht beam being 
transmitted through the flexible thin plate or the Ug^t beam being reflected by the 
flexible thin plate. 

A fifteenth aspect of the present invention is a display device comprising: a 
ligjht source section whidK emits a lig^tbeam; a spatial li^t modulation element in 
whidi a plurality of pixel portions changed in accordance with an image signal^ 
are arranged in a two dimensional manner, and whidrmodtdates, every each 
pixel portion, the li^t beam incident to the plurality of pixel portions from the 
light source; an image f omrung optical system for imaging the light beam; and a 
scanning section, whidi scans a surface to be scanned of an imag^ display body 
with the light beam modulated by the spatial light modulation element wherein 
the plurality of pixel portions are arrangied along a column direction and a row 
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direction corresponding to the sub scanning direction and a main scanning 
direction orthogonal to the sub scanning direction respectively, at least the coluinn 
direction being inclined witii respect to the sub scanning direction by:a 
predetermined indining-angje, the indining-angle is set in accordance with a 
scanning density of the li^t beam in the main scanning direction on the surface to 
be scanned^ and tiie indining-angle is set sudi that the lig^t beams modulated by a 
plurality of the pixel fX)rtions are scanned on the same position on the surface to be 
scanned. 

In the ^xteenth aspect of the present invention according to the fifteenth 
aspect^ the spatial light modulation element itself is inclined with respect to the sub 
scanning direction by tiie predetermined inclining angle. 

In the seventeenth aspect of the present invention according to the jfifteenth 
aspect^ in the spatial ligjit modulation element; the plurality of the pixel portions 
are arranged such that each of pixel lines, each having pixel portions arranged 
along ftie row direction, is shifted in the row direction by a predetermined pitch 

In the display device meitioned above, the plurality of pixel portions of the 
spatial light modulation element are arranged along the column direction and the 
row direction corresponding to the sub scanning direction and the main scanning 
direction respectively in a line manner. Further, at least the column direction is 
indined wifli respect to the sub scanning direction by the predetermined indining- 
angle dj, and the indining-angle Oj is set in accordance with the scanning density of 
the Hg^t beam in the rnain scanning direction on tiie surf ace to be s^ 
Accordingly, in a case in whidi j pixel portions are arranged along the row 
direction corresponding to the main scanning direction and k pixel portions are 
arranged along the (DDlumn direction corresponding to the sub scanning diiection 
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on ttie spatial lig^t modulation dement each of positions, whidi are diffisrent from 
eadi oihe; on the saine scanning line on th^ 

withNmultpleofj0xN)laserbean\s(Nisa^^ ^ k)in 

accordance with the indining-angle Gibetween the column direction and the sub 
scanning direction. Ih^^dfoie^ by at^usling properly the indining-ang^e 6iof the 
column direction of the pixel portions, a pixel density of an image (displayed 
image) displayed on a display surface of the image display body can be increased 
to a desired density value. 

As the result (in a display device using an one-dimertsional spatial lig^t 
modulation dement, it is necessary to increase an installation number of the one- 
dimensianal spatial ligjit modulation elements in accordance witt\ increasing of 
the scanning density of a display image,) in the display device of the present 
inventioiv it is not necessary to increase an installation number of the spatial light 
modulation dements. Further, in tiie present invention, an image having the 
desired pixel denaty can be displayed by only setting the indining-angje 0 ^ of the 
column direction of flie pbcd portions in accordance with the desired number of 
pixels, without increasing of number of the spatial light modulation dements 
(two-dimensional spatial light modulation dements) and increasing of number of 
pixels. 

Here, the column direction in tiie plurality^ of pixd portions in the spatial 
li^t modulation dement being indined with respect to the sub scanning direction 
by the predetermined indining-angle 0 j is archived by that the spatial light 
modulation dement itself is inclined with respect to the sub scanning direction 
by the predetermined indining-angle Gj. Further, it can be ardtived by that the 
plurality of pixd portions in tiie spatial li^t modulation dement are arranged in a 
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zigzag manner. That is, a plurality of pixd portions arran^ along tt\e row 
direction (a column) is shifted in the row direction by a predeteratuned pitch at 
every column. — 

Bnther, as the spatial light modulation dement (two-dimensicMial q:)atial light 
modulation dementX a digital miao mirror device in wfaidi a plurality of miao minors> 
each of vdiose angle of a leflecticm sur&ce is changable in accordance ^th an image signal, 
are arranged in a two din^ensional manner on a substrate thereof, an cptical shutter array in 
which interfasnce type cptical flutters ate arranged in a two dimensional manner, the 
interference type optical shatter cQn:pi$ing an one of dectrodes, disposed to have a 
predetermined angle with respect to the light beam incident thereto Scorn the light source 
section, another of the electrodes, which feces tiie one of the electrodes, and a flexible thin 
plate which is disposed between the other of the electrodes and the one of the electrodes, and 
which is transparent^ the jBlexible tibin idate being deflected due to coulomb fcrce genacated 
by applying voltage between the ofcer of the electrodes and the one of the electrodes, and 
the light beam being modulated by flie li^t beam being transmitted through the flexible thin 
pldte» or the lik& can be used Particularly, in a case in which the digital micro minor device 
is used as die spatial li^ modulation element, in order for shortening a transmitting rate of 
tmage signal with respect to the digital miao mirror device, the beam emitted fiom the 
light source section can be modul^tfed by using only apart of the micio mirrors of the digital 
micro mimor device. 

Further, in tiie display device of the present invention, in a case in which the 
indining-angle 6j of the pixel portions in the column direction is set such that the 
same position on the surface to be scanned i s scanned by a plurality (N) of pixel 
porti ons, the same position (the same pixel) in the main scanning direction on the 
same scanning line on the surface to be scanned on the imagp display body can be 
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scanned N tunes (thatisy multi scanned) ly laser beams mcxlulated by N pbcd 
portions each of whidi is arranged in different columns in the spatial li^t 
modulaticwi element Therefore, evm if some of the pixel portions in the spauM li^t 
modulaticm element have defect an image qviality degradation of the display image 
caused by defied erf tt\e pbod portion can become non-con^cuous. 

In an ei^teenth aspect of the present invention accordijoig to the first or the second 
aspect, the display device further comprises; ar\ imagp control section which 
generates image signals of N types, N being integer more than or equal to two, 
corresponding respectively to N different displayed legions along the sub 
scanning direction in the surface to be scanned of the image display body, and 
varies (controls) respectively li^t modulated states of N spatial li^t modulation 
elements in accordance with the image signals of N types, and the light beams 
emitted from the ligjht source sections are respectively irradiated to the N spatial 
ligjit modulation dements, a set of N li^t beaitis modulated respectively by the N 
spatial light modulation elements is deflected (jpolarized) in the sub scanning 
direction by the scanning section^ and the N displayed regions on the surface to be 
scanned are scanned respectively by the set of N li^t beams at the same time. 

In the display device of the eighteenth aspect, tbe lig^t beams emitted fiotn the li^t 
source sections are respectively inadiated to the N spadal light modulation elements whose 
light modulated states are varied in accordance with the image signalsofN types 
respectively. N ligjit beams (actually, light beam groups each as a set of the light 
beams modialated in each pbcel portion) modulated respectively by the N spatial 
li^t modulation elements are deflected in the sub scanning direction by the 
scanning secti on- the N displayed regions on the surface to be scanned are scanned 
respectively by the set of tine N li^t beams at the same time. As a result^ the number 
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of display {Hxels along the suhscammig diiecdon induded in one of the display regions 
scanned by the corresponding laser beam modulated by any one of the spatial lig^t 
niodulation el ement amoi^ the N spatial light modulation elemeritsieconies 
substantially 1/N the ^itiie nund^er of display pixels aloqg the subscanning direction 
indudedin the sur&ce to be scanned. Tli»eftHe, the munber of nxxJulating times (control 
times) per unit time with ie^)ect to the pbcel pcitions used in modulating the light beam in 
tiie one spatial light modulation el ement becomes substantially 1/N in comparison to the 
case where an image is displayed on the entire surfkre to be scatmed using only the sin^e 
spatial light modulation element Therefore, each pixel modulation period of die pixel 
potion of each spatial lig^t modulation element can be substantially N times in average 
respectively. 

In a nin^eendi aspect of the ptesent invention according to the first or the second 
aspect, ttie display device of daim 1 furflier comprises: an image control section 
which generates line image signals of M types, M being integer more tiian or equal 
to two, corresponding respectively to M main scanning lines arranged along the 
sub scanning direction successively, tiie main scanning lines forming ttie 
displayed image displayed on the surface to be scanned of the image display body, 
and varies (controls) respectively light modulated states of pixel portions arcBnged 
along the main scanning direction in the M spatial li^t modulation dements in 
accordance with the line image signals of M types witti a modulating period T 
which is obtained by a modulating period of the main scanning line being 
multiplied by H tiie lig^t beams emitted from tiie li^t source sections in a s trobo- 
emissLon manner in sjnchronization with the modulating period T are 
respectively irradiated to the M spatial lig^t modulation elements successi vely, 
and a set of ligjht beams modulated successively by ti\e M spatial light modulation 
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elements is deflected ^larized) in the sub scanning direction by die scanning 
section, and the surface to be scanned of the image display body is scanned by the 
set of tiie lig^at beams. 

In the di^lay device of the Bineteraifa aspect^ the ligjbit beams emitted from the 
light source sections in a strobo^nissLon maruier in syndiionization with the 
modulating period are respectively irradiated to the M spatial li^t modulation 
demeats successively, a set of the li^t beams, modulated successively by the pixel 
portions whose UgJ\t modulated states are varied (dhanged), the pixel portions 
beir^ arranged along Ihe main scanning direction in the M spatial light 
m.odulation elements, in accordance with the line image signals of M types with a 
modulating period T whidi is obtained by a modulating p)eriod of the main 
scanning line being multiplied by is deflected in the sub scanning direction by 
tiie scanning section. The surface to be scanned of the image display body is 
scanned by the set of ti^e li^t beams. As a result because tire set of the li^t beaxns 
nxxMated by the M spatial lij^t modulation elements scans die siirfeoe to be scamied 
of the image display body to f orai the image at a timing shifted by the modulating period 
respectively, the pixel modulating period of the pixel portions ananged along the 
subscanning direction in eadh spatial light modulation element can be M times in 
average in con9)arison to tiie case wb^ an image is displayed on the entire surface to be 
scanned using only the single spatial light modxilation element 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view illustrating the stmctuie of a laser display device 
related to a first embodiment of the present inventioa 

Fig* 2 is a plane view illustrating the structure of the laser display device 
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related to the first embcdiment of the present invention. 

Fig. 3 is a side view illxastrating the stmcture of the laser display device 
relatjed to the first embodiment of the present invention. _ 

Fig- 4A is a perspective view illustrating the struchire of a fiber array light 
souroa 

Fig. 4B is a partial enlarged view of Fig. 4A. 

Fig. 4C is a plane view illiistrating an arrangement of emission points at a 
laser emitting section. 

Fig 4D is a plane view illustrating another example of an arrangement of 
the emission points at the laser emitting sectioa 

Fig. 5 is a cross sectional view illustrating the structure of a multi-mode 
optical fiber. 

Fig 6 is a plane view illustrating the structure of a composite-wave laser 
li^tsouroa 

Fig. 7 is a plane view illustrating the structure of a laser modvile. 

Fig. 8 is a side view illustrating the structure of the laser module shown in 

Fig 7. 

Fig. 9 is a partial side view illustrating tiie structure of the laser module 
diowninFig.7. 

Fig 10 is a partial enlarged view illustrating the structure of a digital micro- 
mirror device (DMD). 

Fig. 1 lA is an explaining view for explaining an operation of the DMD. 

Fig- IIB is an explaining view for explaining an operation of the DMD. 

Fig. 12A is a plane view illiistrating Ught beams and scanning lines in a case 
in which the DMD is no t arranged in an inclined manner. 
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Fig. 12B is a plane view iflustrating li gjht beams and scanning lines in a case 
in which the DMD is anangqd in an inclined manner for comparing to tine case in 
which the DMD is not arranged in the inclined manner shown in Fig 12A. 

Fig- 13 is a plane view iUustrating disposition of the Ug^t beams in a case in 
whidi micro minois of the DMD is arranged in a zigzag manner. 

Fig. MiUustratesanillijmniriationaieaonagalvanom 
beam modulated by the DMD. 

Fig. ISAilltistratesanexampleof a used region of the DMD. 

Fig. 15B ilhistxates another example of a used r^on of ftie DMD. 

Fig. 16 is a perspective view iUustrating the structure of a laser 
device related to a second embodiment of the present invention. 

Fig. 17 is a plane view illustrating an example of a spatial modulation 
element of an interference-type. 

Fig. 18 is a side view illustrating an example of the spatial modulation 
element of the interference-type. 

Fig. 19A is a cross sectional view of line A-A in Fig. 17 in a case of power 

OFF. 

Fig. 19B is a cross sectional view of line A-A in Fig. 17 in a case of power 

ON. 

Fig. 20 is a perspective view illustrating the structure of a laser display 
device related to a third embodiment of the present invention. 

Fig. 21 is a perspective view illustrating the structure of a laser di splay 
device related to a fourth embodiment of the present invention- 

Fig, 22 is a timing dnart showing a line control signal and emission timing of 
a fiber array light source in the laser display device shown in Fig. 21. 
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DETAILED DESORIPTON OF THE INVENTION 

Referring to drawings, an enobodiment of ihe present invention will be 
described hereinafter in detail. 
Structuie of Exposure IDevioe 
(A first embodiment) 
(Structure of laser display device) 

In each of Figs. ]^ 2 and 3, a laser display device related to a first 
embodiment of ttie present invention is shown. The laser display devi ce 100 is 
constructed as a projector type device for which a manochiome image is projected 
and displayed on an image display surf aoe 103 of a screen 102, by the image 
display surface 103 of the screen 102 being directly scanned by a laser beam L. 

As shown in Fig. 1, the laser display device 100 is provided with a fiber 
array light source 66 which serves as a light source device of the laser beam L On 
an optical path of the laser beam L emitted from the fiber array light source 66^ an 
illumination optical system 67, a digital micro mirror device (DMD) 50, an imaging 
(imagp forming) optical system 146, a galvano nurror 104^ and a Fresnd lens 106 
are disposed in that order from the fiber array light source 66 side. 

The laser display device 100 is provided with a controUar (not shown in the 
dravdngs). The controller receives a control signal and an imagp signal from a 
central control section and the like of the device, and controls an operation of 
image display. The galvano mirror 104> the DMD 50 and the like are controlled by 
the controller. The controller is provided with a data processing section and a 
mirror drive control section. The data processing section generates control signals 
which control to drive micro mirrors 62 (refer to Fig. 10) on the basis of the 
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inputted image data. These controlled micro mim>rs 62 are disposed in a region to 
be controlled in the DMD 50. Note that the region to be controlled in ttie DMD 50 
will be described later. Further, in the mirror drive control section^ an angle of a 
reflection surface of each of the micro mirrors 62 disposed in the region to be 
controlled is controlled on tiie basis of the control signal generated in the image 
data processing section. Note that control] ing of the angjie of flie reflection surface 
of the micro nurror 62 will be described later. Further, the controller is provided 
with a galvano drive control section. The galvano drive control section controls to 
drive the galvano mirror 104 by being synchronized with a signal ficoma 
syiuhronidng sensor (not shown in the drawings) which detects the laser beam L 
reflected to a region other than a scan-region by the galvano minor 104. 

The fiber array light source 66 is provided with a plurality of laser modules 
64 (for example, 6) as shown in fig. 4A. An one end of multi-mode optical fiber 30 
is coupled witib. each laser module 61 An optical fiber 31 is connected to another 
end of the mtdti-mode optical fiber 30, A core diameter of the multi-mode optical 
fiber 30 is as the same as ttiat of the optical fiber 31, but a dad diameter of the 
optical fiber 31 is smaller than lhat of the multi-mode optical fiber 30. The laser 
emitting section 68 is formed such that ©cnitting ends of the optical fibers 31 
(emission points) are arranged in one line in a direction ftiat is perpend icular to the 
scanning direction as shown in fig. 4C As shown in fig. 4D, the emisaon points 
can be arranged in two lines in the direction that is perpendicular to the scanning 
directiorL 

End portions of the optical fibers 31 are put (sandwiched) between two 
support plates 65 whose surface are flat and fixed as shown in fig- 4B. In addition, 
a transparent protection board 63 such as a glass or the like is disposed at tiie light 
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emitting side of the opticBl fibers 31 in oider to protect end surfaces of the optical 
fibers 31. The protection board 63 may be di^x>9ed so as to dosdy contact the end 
surfaces of the optical fibers 31, or the end surfaces of ihe optical fibers_31 may be 
sealed in ttie protection board 63, The emitting end portions of the optical fibers 31 
are easily deteriorated and dust is easily collected at the emitting end portions of 
the optical fibers 31 due to a light density being high However, due to disposing 
the protection board 63, it can be prevented that dust adheres to the end surfaces of 
the optical fibers 31 and deterioration can be slowed 

In the example shown in Fig. 4B, in order to arrange the emitting end 
portions of the optical fibers 31, whose dad diameter is small, in one line without a 
gap therebetweerv the multi-mode optical fibers 30, whose dad diameter is large, 
are arranged in two lines manner (in the vidnity of the optical fibers 31) as shown 
in Figs, 9A and 9B. That is, an optical fiber 31 is arranged between two optical 
fibers 31 in one line, but a multi-mode opti cal fiber 30 connected to the optical fiber 
31 arranged between the two optical fibers 31 is disposed (piled) onto two multi- 
mode optical fibers 30 which are respectively connected to the two optical fibers 31 . 
Namely, the multi-mode optical fiber 30 connected to the optical fiber 31 arranged 
between the two optical fibers 3 1 and the two multi-mode optical fibers 30 
respectively connected to the two optical fibers 31 are not arranged in one line. 

Such optical fiber can be obtained by such a manner in which, for example 
as shown in fig 5, tiie optical fiber 31, whose dad diameter is small and which has 
length of 1 cm-30 cm, is connected in a coaxial manner to a tip end at the laser 
ligjKt emitting side of the multi-mode optical fiber 30 whose dad diameter is large. 
The two optical fibers are connected, that is, an incident end surface of the optical 
fiber 31 is cormecbed by fusion to tiie emitting end surface of the multi-mode 
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optical fiber 30 such that a central axj s of the optical fiber 31 coir\ddes with that of 
tihie multi-mode optical fiber 30. As described above, a diameter of the core 31 a of 
the optical fiber 31 is as the same as a diameter of the core 30a of the multi-mode 
optical fiber 30. 

Further, a short l€3igth optical fiber may be connected to the emitting end of 
the multi-mode optical fiber 30 via a ferrule an optical connector or the lite. Ihe 
short length optical fiber is formed such tiiat an optical fiber whose length Is short 
and a dad diameter is large is connected by fusion to an optical fiber whose dad 
diameter is small. Due to that tiie short length optical fiber is connected detachably 
to the multi-mode optical fiber 30 by using the connector or the Hke, in a case in 
which the oprtical fiber whose dad diameter is small is damaged, it is easy to 
replace this (damaged) tip portion- As tiie result ^ cxDSt recjuired for maintenance 
the fiber array source 66 (an optical head) can be reduced. Hereinafter, there may 
be a case in which the optical fiber 3 1 is called as an emitting end (portion) of the 
multi-mode optical fiber 30. 

As the multi-mode optical filler 30 and the optical fiber 31, any one of a step 
index typje optical fiber, a grate index type optical fiber and a complex type optical 
fiber can be used. For example^ the step index type optical fiber made in Mitsubishi 
Cable Industries Co*, Lfe3. can be used. In this embodiment the multi-mode optical 
fiber 30 and the optical fiber 3 1 are the step index type optical fiber. In the multi- 
mode optical fiber 30, a dad diameter is 125 ium, a core diameter is 25 iCtnvNA 
is 0,^ a transmittance of an incident end surface coat is equal to or more tiian 
995%. In the optical fiber 31, a dad diameter is 60 At rrv a core diameter is 25 tim^ 
NAisOi 

Generally, transmission loss of a laser light in an infrared region inaeases as 
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a diameter of a dad of an optical fiber becomes smalla:. Therefore, preferable 
diameter of the dad is determined in acxx>rdance with wavelength band of the 
laser lig^t However, the shorter the wavelength the smaller the transmission 
loss i& Therefore, the transmission loss hardly increases in a case of a laser light 
whose wavelength is 405 ran and which is emitted ftom a GaN system 
semiconductor laser, even if a thid<ness of the dad {(dad diameter - core diameter) 
/ 2) is half of that in a case in which an infrared light in 800 nm wavelarigth band is 
transmitted or even if the thickness is one fourth of that in a case in which an 
infrared UghtiJsed in an optical coinmunication, in 1.5 Mm wavelength band is 
transmitted. 

However, it is not limited in the present invention that the diameter of the 
dad of the optical fiber 31 is 60 Mm. A diameter of a dad of an optical fiber which 
is used in a conventional fiber Kght source is 125 wra The smaller the dad 
diameter is, the deeper a depth of focus becomes. Therefore, the dad diameter of . 
tiie multi-mode optical fiber is preferably equal to or less than 80 /xm. It is further 
preferable that the dad diameter of the multi-mode optical fiber is equal to or less 
tiian 60 iUm. It is moreover preferable that the dad diameter of the multi-mode 
optical fiber is equal to or less than 40 Ann On the other hand, because it is 
necessary that a diameter of a dad is at least 3 - 4 M nv it is preferable that the dad 
diameter of the mtdti-mcde optical fiber is equal to or more ttian 10 Acm, 

The laser module 64 is structured by a composite wave laser light source (a 
fiber light source) as shown in fig. 6. The composite wave laser light source 
comprises a plurality of (for example, 7) GaN (system) semiconductor lasers LDl, 
LD2, LD3, LDi LD5, LD6 and LD7, coUimator lenses 11, 12, 13, H 15, 16 and 17, a 
single condenser lens 20 and a single multi-mode optical fiber 30. In Hie 
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embodiment anumber of the seirdranductor lasers aieseverv however, the 
present invention is not limited to the same. Generally, as a light source for display, 
a high output light source is desired. Therefore, because high optical output can be 
easily obtained in the fiber array ligjtit source 66 rel ating to the present 
embodiment^ the fiber an^ light souroe 66 is suitable for a lig^t souroe for display. 

Oscillation wavelengths of the GaN semiconductor lasers LDl - LD7 are aU 
the same (for example, 405 nm). Also, maximum outputs of the GaN 
semiconductor lasers LDl - LD7 are all the same (for example 100 mW in the 
multi mode laser, and 30 mW in the single mode laser) . As the GaN 
semiconductor lasers LDl - LD7, GaN semiconductor lasers, whose osdllation 
wavelengths are other than above mentioned 405 nm but are in wavelength range 
between 350 nm and 450 nnv can be used. 

The composite wave laser light source described above is accommodated in 
a box shaped package 40 together with other opti cal elements as shown in fig. 7 
and fig. 8. An upper side of the package 40 is opea The package 40 is provided 
v^th a package cover 41 for dosing an opening of the package 40. Gas for sealing is 
filled into the package 40 in which the opening is dosed by titie package cover 41 
after deairing process is carried out As tiie result the above mentioned composite 
wave laser li^t source is sealed gasti g^htly v^thin a dosed space (a sealed space) 
fonned by the package 40 and the package cover 41. 

A base board 42 is fixed to a bottom of the package 40, the heat block 10, a 
condenser lens holder 45 which holds the condenser lens 20 and a fiber holder 46 
whidi holds the inddent end portion of the multi-mode optical fiber 30 are 
attadied on a top surfoce of the base board 42, The emitting end portion of the 
multi-mode optical fitter 30 is drawn to an external of the package 40 from an 
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opening f oimed on a wall surface of the package 40- 

In additiorv a colliinatDr lens holder 44 is attached at a side surface of tiie 
heat block 10, and the collimator lenses 1 1 - 17 are held on the oollimator lais 
holder 44 An opining is formed in a side wall surface of the package 40, and 
interconnections 47 which supply drive electric currents to the GaN 
semiconductor lasers LDl - LD7 are drawn IhrougjK this oparung to an e>ctemal of 
the package 40* 

In order to prevent Fig. 8 from being complicated, a number is applied to 
only the GaN semiconductor laser LD7 among the plurality of the GaN 
semiconductor lasers, and a number is applied to only the collimator lens 17 
among the plurality of collimator lenses. 

Fig. 9 shows the above mentioned collimator lenses 11 - 17 and a portion at 
which the collimator lenses 1 1 - 17 are attached seen foom front Each of the 
oollimator lenses 1 1 - 17 i s formed in a configuration sud\ like that a region 
induding an optical axis of a circular lens provided with an aspheric surface is cut 
by planes which are paralld. Therefore, each has an elongated configuralioiL The 
collimator lens having elongated configuration can be formed^ for example^ by 
molding resin or optical glass. The collimator lenses 1 1 - 17 are nearly (dosdy) 
arranged in an arrangement direction of emission points of the GaN 
semiconductor lasers LDl - LD7 (a light-left direction in Fig. 9) such that a 
longitudinal direction of the collimator lens is perpendicular to the arrangement 
direction of the emission points of the UV semiconductor lasers LDl - LD7, 

On the other hand, as the GaN semiconductor lasers LDl - LD7, lasers each 
of which is provided with an active layer whose emission width is 2 mm and 
which emit laser beams Bl - B7, respectively, are used. The laser beams Bl - B7 are 
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emitted in a condition in which a spread angle in a direction parallel to the active 
layer isi, for exampleir 10 degree and a spread angle in a direction perpendicular to 
the active layer is, for example, 30 degree. The GaN semiconductor lasere LDl - 
LD7 are a nanged such that emission points are arranged in one line in the 
direction parallel to the active layer. 

Therefore, the laser beams Bl - B7 are incident to the re^?ecti ve collimator 
lenses 11 - 17 having elongated configuration mentioned above, in a state in which 
a direction in which the spread ang^e is large coinddes with the longitudinal 
direction of the collimator lens and a direction in which the spread ang^e is small 
coincides with the widtii direction (a direction perpendicular to tiKe longitudinal 
direction) of the collimator leis. That is, the width of each of the collimator lenses 
ll-17isl.l nnnv tiie length of tiiat is 46 mnv diameters of the beams incident to 
the respective collimator lens 11 - 17 are 0,9 mm in the horizontal direction and 26 
mm in tiie vertical direction. In addition, in each of the coDimator lenses 11 - 17, a 
focus distance f is 3 mnv NA is 0.6, and a lens arrangement pitch is 1J25 mm. 

The condenser lens 20 is formed in a configuration such like tihat a region 
tnduding an optical axis of a circular lens provided with an aspheric surface is cut 
by planes which are parallel Therefor^ the condenser lens 20 has an elongated 
configuration in the horizontal direction, that arrangement direction of the 
collimator lenses 11 - 17, and has a short dimension in a direction perpendicular to 
the horizontal direction. For example, in the condenser lens 20, a focus distance £2 
is 23 mnv NA is 02. This condenser lens 20 can be formed, for example, by- 
molding lesin or optical glass. 

As shown in Fig. 2 and Fig. 3, the lens system 67 comprises a pair of 
combination lenses 71, a pair of combination lenses 73 and a condensing lens 75. 
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The combinaiion lenses 71 cx)llimate flie laser beam emitted from ihe fiber anay 
li^t sourtB 66 such that the laser beam becomes parallel. The CDitibinatiQti lenses 
73 con^pensa te the coUimated laser beam such that a li^t amount distribution of 
the laser beam becomes imifoim The condensing lens 75 condenses the laser 
beam in whidi ttie lig^t amount di stiibution is uniformed on tiie DMD 50. Further, 
the comhinatian lenses 73 transmit a U^t so as to spread a flux of the lig^t in the 
vidnity of an axis of the lenses in an arrangement direction of the laser beam 
emitting ends, and transmit alight so as to narrow the fliixof the light at portions 
apart from the axis of the lenses in the arrangement direction of the laser beam 
emitting ends. Further, the combination lenses 73 transmit a light as it is in a 
direction orthogonal to this arrangement direction of the laser beam emitting ends. 
Therefore, the combination lenses 73 compaisate the laser beam L such that the 
light amount distribution of the laser beam becomes unifomL 

As shown in fig. 1 0, on a SRAM cell (a memoiy cell) 60, a minute mirror (a 
micro mirror) 62 is arranged such ttiat the minute mirror is supported by leg 
portions. That is, the DMD 50 is a minor device in which a lot of (for example, 600 
X 800) minute mirrors forming pixel portions (pixels) are arranged in a grid 
manner. At an uppermost portion of eadi pixel, the micro mirror 62 supported by 
the leg portions is provided^ and a material having high reflection factor such as 
aluminum or the like is vapour-deposited on a surface of the micro mirror 62. The 
reflection factor of this miao mirror 62 is equal to or more than 90%. In additiorv 
diieclly below the micro minor 62, via the leg portions including a hinge and a 
yoke^ the SRAM cell 60 of a CMOS (a complementary metal oxide semiconductor) 
(a silicon gate) produced at a production line of normal semiconductor memory is 
disposed. Overall structured is in a monolithic manner (an integral type) , 



24 



ThB micro mirror 62 supported by the leg portions is inclined in a range of 
± a degree (for example^ ± 10 degrees) with respect to a siAstrate on which 
the DMD 50 is provided (an inclination (a rotation) axis is a diagonal of the micro 
mirror) when digital signal is written in the SRAM cell 60 of the DMD 50. Fig, 1 lA 
shows a slate in wMdi the micro mirror 62 is indined by + a degree indicating 
that the micro mirror 62 is ON state. Fig. IIB shows a state in whidi the nfuoo 
mirror 62 is inclined by- a degree, indicating tiiat the micro rnirror 62 is OFF 
slate. Therefore, in accordance with an image signal^ an indination of Ihe micro 
mirror 62 in each pixel of flie DMD 50 is controlled^ for example as shown in fig. 
10. As the result, Ihe light (the laser beam L) incident to the DMD 50 is each 
reflected by the micro mirror 62 in accordance with the indination of the micro 
mirror 62 (to a direction in accordance with the inclination of the micro mirror 62). 

In fig. 10, an one part of the DMD 50 is magnified, and an example of a state 
in which the micro mirrors 62 are controlled such that the micro mirrors 62 are 
inclined by + a degteeor- ^ degree is shown. On-off control of each micro 
irurror 62 is carried out by a controller, not shown in the drawings, which is 
connected to the DMD 50. The laser beam reflected by the micro mirror 62 
which is in ON state, is modulated to a scanning state, and incident to the image 
forming optical system 146 (refer to Fig. 5) provided at light emitting side of the 
DMD 50- On the other hand, the laser beam L, reflected by the micro mirror 62 
which is in OFF state;, is modulated to a non-scaniung stat^ and incident to an 
optical absorption body (not shown in the drawings). 

In addition it is desirable ftiat the DMD 50 is disposed in a slightly inclining 
manner such that a short side of the DMD 50 is slighfly inclined with respect to the 
sub scanning direction (a horizontal direction) in the screen 102 by a 
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pj^ietermined angle 6 (forexamplQ,0,l ' -0.5 " ), Fig* 12Adiow5 beam 
spots B5 by respective (corresponding) micro irdrrots 6Z and scanning lod of the 
respective beam spois BS in a casein which ihe DMD 50 is not inclined Fig. 12B 
shows beam spots BS and scanning lod of the respective beam spots 6S in a case in 
which the DMD 50 is indined by an angle ,0 j . 

In the DMDSOt many sets (for example, 600 sets) of micro nmrar columns 
are arranged along a short direction (column directiorv that is, a direction indicated 
by an arrow DR) corresponding to the sub scanning direction in the screen 102 in 
the DMD 50. La each micro mirror column^ a lot of (for example^ 800) the micro 
mirrors are arranged along a longitudinal dinectton (row directiorv that is, a 
direction indicated by an arrow DL) oorresponding to the main scanning direction 
in the screen 102. As shown inFigg. 8A and SB, a pitch P2 of the scanning lod (the 
scanning lines) of the laser beams L by respective micro mirrors (a distance 
between Hxe adjacent scanning lines) in a case in whidi the DMD 50 is indined is 
narrower than a pitch PI of the scanning lod (the scanning lines) in a case in which 
the DMD 50 is not inclined. Therefore, a resolution can be much improved in the 
case in which the DMD 50 is indined. Qn the other hand a scanning width in the 
case in which ti\e DMD 50 is not indined is substantially the same as a scanrdng 
width in the case in whidi the DMD 50 is inclined, because an inclined angle of the 
DMD 50 is minute. 

Fiarther, as shown in Fig 12B, substantially same portions (dots) on the 
same main scanning line are scanned in a multiple maimer (multiplex-scanned) by 
a plurality of micro mirrors 62 on the different columns. As ihe result due to the 
miiltiplex scanning, even if one of die micro mirror 62 (some of micro mirrors 62) 
in ttie DMD 50 has a defect such as an operation-NG and the like, tiie screen 102 



26 



can be scaimed by the laser beam L modijlal^ 

the same position in the main scanning direction of this miao mirror 62 whidi has 
tfie defect Accoidingly, an image defect on a display image caused by defect of a 
micro mirror 62 can not be conspicuous (stand out) , In other wordsi, occurrence of 
an image defect can t)e prevented 

Next, a concrete example of setting method of the indined angle djcA&ie 
DMD 50 will be explained. 

In Fig. 14^ an illtmunation area 168, which is a two dimensional imag^ 
obtained (formed) on the lig^t reflection surface 105 of the galvano minor 104 by a 
piece of the DMD 50, is schematically shown. The illumination area 168 is airanged 
sudi that, as a whole, a number of beam spots along the row dilution is j , a number of beam 
spots along the column direction is k. The illumination area 1 68 is divided into small 
le^ons 170. Each small legion 170 has Nl)eam spots including S beam qx)ts in the row 
direction ccaresponding to the sub scanning directioa (an exanq)le, in which S « 4, j = 32^ 
andN=5,isd>owninRg. 14,) 

Here, N agrees witK a number of the l>eam spots BM (a number of 
multiplex-scanning lines) which scan the same position PMin the main scanning 
direction At this time, the inclined angle 6 , of the DMD 50 is calculated by tiie 
following formula (1). 

0i=±t an (1/S) (1) 

Insfcead of inclining tiie DMD 50 (serving as the spatial modulation element) 
itselt as shown in Fig- 13, a plurality of micro minors 62 arranged in the row 
direction (a direction indicated by an arrow DL) in the DMD 50 can be shifted by a 
predetermined pitch P3, in the row direction. That is, each micro inirror column 
can be shifted with respect to the adjacent micro mirror column by the 
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predetenriirifid pitdi P3. Namely, the micro mmors 62 can be arranged in a zigzag 
manner. In this case, tihe basically common operation obtained in the case in which 
tlieD]VID 50 is indined can be obtained. _ 

Next, the image forming optical system 146 disposed at the li^t reflection 
side of the DMD 50 will be explained. As shown in Figs. 2 and 3, in ftie laser 
display device 100, the imagq forming optical system 146, for which images 
(imagp-forms) an real image (a reflection light image by the micro mirrors 62) on 
the light reflection surface 105 of the galvano mirror 104r is provided at the light 
reflection side of tihe DMD 50. In the imiage forming optical system 146, a pair of 
lens systems 54 and 58, a micro lens an:ay 72 and a pair of lens sy^ 
are disposed in that order from the DMD 50 toward the galvano mirror 104. 

Here, the lens systems 54 and 58 are structured as, for example, a 
magnification optical system having a predetermined magnification. A cross 
section area of a group of a plurality of laser beams L (hereinafter, abeam group, if 
necessary), reflected by each of the micro mirrors 62 of Are DMD 50, is enlarged by 
the lens systems 54 and 58. As the result^ an illuminate-area by the beam group 
incident to the light reflection surface 105 of the galvano minor 104 is enlarged by 
a predetranined amount 

Ih the micro lois aixay 72, a pluraHty of micro lenses 74 c^ 
respective micro mirrors 62 of the DMD 50 one to one, are integrally formed. 
These micro lenses 74 are disposed on optical axes of the laser beam groups 
transmitted througji the lens systems 54 and 58, respectively- Further, these micro 
lenses 74 are disposed at surfaces (corrugate surfaces) on v^hicih real images of the 
respective micro mirrors 62 are f onned by the lens systems 54 and 58. In the micro 
lens array 71, a plurality of the micro lenses 74 are arranged in a two dimensional 
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manner by pitdi wHch is as the sam^ 

mirrors 62 formed on the cmjugate surfaces. Each of the miao lenses 72 is formed 
as a cxmdenser lens which has a positive lens po wer. 

The laser beam L transmitted through each micro lens 74 of the micro lens 
array 72 is inddoit to the lens systems 80 and 82. The laser beam L emitted from 
tf\e lens systems 80 and 82 is imagpd (image-formed) on the li^t reflection suifece 
105 of the galvano mirror 104 to form the beam spot BS, In the present 
embodiment^ the beam spot BS is imaged as a real image a r^ection light image of 
the micro minor 62. However, tihe image forming optical system 146 may be 
designed such that a light source image (a far j&dd pattern) is imaged on the li^t 
reflection surface 105 of the galvano mirror 104 as the beam spot BS. 

By referring to Figs. 12B and 12C an operation of the micro 1 ens in the 
image forming optical system 146 wiU be explained. Ihe cross section area of the 
beam group, which is the group of the laser beams L, reflected by the DMD 50, is 
enlarged by the image f onrdng optical system 146 including the lens systems 54 
and 58. As the result^ the lUuminate-area of the beam group on the li^t reflection 
surface 105 is enlarged by the predetermined amount At this time, the laser beam 
L reflected by each micro mirror 62 of the DMD 50 is transnrdtted through the lens 
systems 54 and 58. As the result a diameter of the laser beam is enlarged in 
accordance with an optical magnification of the image fomiing optical system 146. 
Therefore, in a case in which the micro lenses 74 are not disposed in ftie image 
forming optical system 146, ttie spot diameter of each beam spot BS irradiated to 

the light reflection surface 105 becomes large in accordance with the optical 
magnification of the image forming optical system 146- Accordingly, when the 
beam spot BS is projected and scanned by tine galvano rrdrror 10^ MTF 
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characteristic (Modulation Transf a: Fimction) on the screen 102 becomes low in 
aax)idance with tiie optical magnification of Ihe image f omiing optical system 146. 

In Older to prevent that tiie MTF characteristic becomes low, asmentioned 
above, in the image forming optical system 146, a plurality of micro lenses 74> 
corresponding to respective micto rninors 62 of the DMD 50 one to on^ are 
disposed in a two dlma:^onal manner sudi ttiat the micro lenses 74 are disposed 
in positions (the image positions) at which real images of the micro mirrors 62 are 
formed . That is, each micro lens 74 corresponds in one-toone manner to each 
micro mirror 6Z As the result^ the beam spots imagpd on the ligjit reflection 
surface 105 of the galvano mirror 104 becomes small as shown in black points in 
Figa 12b and 12C Therefore, it is prevented that the beam spots are overlapped 
eadn other on the li^t reflection surface 105- As the result^ the MTF dbiaraderistic 
on the screen 102 can be improved effectively without being affected by the optical 
magnification of the image forming optical system 146, and quality of an image of 
large aze displayed on the screen 102 can be improved mudi. 

It has been explained that tiie image forming optical system 146 is a 
magnification optical system comprising the lens systems 45, 48, 80, 82 and the 
micro array 72 in the present embodiment Hov^ver, a number of optical 
members such as the lens systems and the like constructing such image forming 
optical system 146 can be increased or decreased in aocx)rdanoe v^th alengfh of an 
optical path, an optical magnification, an aberration or the like Fttriher, it is 
possible that tiie image forming optical system 146 is an optical system in which 
magrufication is variable such as a 2xx>m lens or the like, 

The galvano mirror 104 has a rotation axis 108 parallel to the main scanning 
direction. That is, the galvano minor 104 is supported such that the galvano mirror 
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104 can rotate around the rotation axis 108 (center of rotation). The galvano mirror 
104 is provided with a magnetic drive section (not shown in the drawings) . The 
magnetic drive section generates torque whose amount and direction 
corresponding to polarity and interisity of a drive signal from the galvano drive 
section in the controller. Thu^ the magnetic drive section rotates the lig^it reflection 
surface 105 by an angular speed in accordance with the g^ierated torque by die 
magnetic drive section As the result^ the laser beams L (the beam group) 
modulated by the DMD 50 are reflected toward the screen 102, and deflected so as 
to scan on the screen 102 along the sub scanning direction (tiie horizontal 
direction) in a predetermined sub scanning speed. Thus, an image is projected and 
displayed on tiie screen lOZ At tiiis time, 

in order to prevent that the displayed imagp has distortion at a periphery r^on 
thereof, the Fresnd lens 106 deflects die lase beams L. That is, the condenses the 
laser beam L reflected by the galvano mirror 104 in such a manner in which tiie 
laser beam L has a difierent intensity in accordance with an incident position on 
the screen 102, and the beam group incident to the screen 102 becomes parallel 
ligjit 

On the other hand, a luminophor (a fluoropbor) whidi emits a white light 
when a laser beam of 405 nm is irradiated thereon is provided on an image display 
surface 103 of the screen 102. The luminophor is dispersed tinif ormly on tiie image 
display sutf ace 103 or coated on the image display surface 103 so as to form a 
emission layer. For example, a yttrium / aluminum / garnet luminophor or the like 
which is activated by a rare earth elemmt is used as the luminophor. Accordingly, 
in the display device 100, when the image display surface 103 is scanned by the 
laser beam L emitted from the GaN semiconductor laser to display an una ge on 
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the display surfaoe 103, the image is displayed on the image display surfooe 103 by 
ttie white ligjtit emitted from the liuiunophor in addition to the reflection ligjit of 
the laser beam L. Therefore, an image contrast beo^mes hi^ As the result;, an 
image wWdK has good quality to be seen can be displayed 
(Operation of laser diq>lay device) 

Next an operation of the laser display device, relating to the embodiment of 
the present invention, constructed in tiie manner mentioned above wiU be 
explained. 

In die display device 100, the laser beams Bl, BZ B3, B4> B5, B6 and B7 are 
emitted, each in a state of divergent ray, from the respective GaN senuoonductor 
lasers LDl - LD 7 fonning (induded in) the composite wave laser li^t source of 
the fiber array light source 66. These laser beams Bl, B2, B3, B4y B5, B6 and B7 are 
changed to parallel ligjits by means of the corresponding collimator lenses 11 - 17 
as shown in Rg, 6. The laser beams B 1, B2, B3, B4 B5, B6 and B7 wH 
oollimated are collected (condensed) by means of the condenser lens 20, and 
converges in the incident end surface of the core 30a of the mialti-mode optical 
fiber 30. 

In this embodiment^ a collection optic system is cx)nstrucfced by tiie 
collimator lenses 11 - 17 and the condenser lens 20, and a com{x>aite-wave optic 
system is constructed by the collection optic system and ttie multi-mode optical 
fiber 30. That is, the laser beams Bl - B7 condensed by the condenser lens 20 as 
mentioned above are incident into the core 30a of the multi-mode optical fiber 30, 
then transmits in the optical fiber. Thelaser beams are wave<ompounded and the 
composite single laser beam B is enrutted from the optical fiber 31 connected to the 
emitting end surface of the multi-mode optical fiber 30- 



32 



In a case in wHdi a combination (bonding) eCfidenqr of the laser beams Bl - 
B7 to the multi-mode optical fiber 30 is 0.85 and each output of the GaN 
semiconductor lasers LDl -LD7 is 30 mW in each laser module, the composite 
laser beam B of an output 180 mW (= 30mW x 0.85 x 7) is obtained in each of the 
optical fibers 31 that are anang^ in anay manner. Therefore^ an output at the 
laser outputting portion 68 in which six optical fibers 31 are arranged in array 
manner is about 1 W (= 180 mW X 6). 

For example^ in a case of a conventional fiber light source in which 
senuconductor lasers and optical fibers are oonnecbed in an one to one manner^ a 
laser whose ou^ut is about 30 mW (milli watt) is generally used as the 
senniconductor laser, A multi-mode optical fiber whose dad diameter is 125 Um, 
core diameter is 25 A nvNA (open ntimber) is 02 is used as the optical fiber. 
Accordingly, in order to obtain an output of about 1 W (watt), it is neoessary that 
48 (8 X 6) multi-mode optical fibers are bundled Here, an area of an emission 
region is 0.62 mm^ (0.675 mm x 0.925 mm). Therefore, luminance (brightness) at 
the laser emitting section is 1 .6 x 10^ (W / m^, and luminance of a single optical 
fiber is 32x10^ (W/m^. 

In contrast^ in the present invention, as mentioned above, an output of about^ 
1 W (watt) can be obtained by 6 multi-mode optical fibers, Here^ an area of an 
emission region in the laser emitting section 68 is 0.0081 mm^ (0.325 mm x 0.025 
mm). Therefore, luminance at the laser emitting section 68 is 123 x 10^ (W / m^. 
That is, the lumin anoe of the present embodimGut is ei^ty times as large as that in the 
ccHiventional device, and luminance can be archived* Further, luminance of a 
single optical fiber is 90 x 10^ (W / m^). That is, the luminance of a single optical 
fiber of the present embodiment is twenty-eight times as large as that in the conventional 
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device^ and hi^ luixunance can be ardnived. As the result an an^e of the luminous 
fltix incident to Ihe DMD 50 becomes smaH therefore^ an angle of the luminous 
flux incident to the image display surface 103 ( a surface to be scanned) becomes 
small . Therefor^ depth of focus of the beam spot can be deepen 

£nc\age data in accordance with a di^lajr pattern is ir^tted into the 
controller^ not shown in the drawings connected to ttie DMD 50, and is stored 
once in a frame memory in tiie controller. This image data is data in which a 
density of each pixd which forms an image is represented with binary (presence of 
a record of a dot or not). 

The ocaitroller drives , when receiving the ima^ display signal^ the fiber 
array light source 66. Also, the controller reads out the image data stored in the 
frame memory sudi that each data corresponding to a plurality of lines of the 
image is sequential read. The^, this image data (Une image data) is outputted to tihe 
data prooesang section. On the basis of the line image data^ at flie data processing 
sectiorv a control signal is generated. Therv on the basis of the g^erated control 
signal each of micro miiTDrs of the DMD 50 is on-off controlled by the mirror 
driving control sectioa At this time, the controller outputs the imagp data from the 
frame memory to the data processing section every predetermined modulation 
cyde, A modulation state for the lasa beam L of the DMD 50 is varied every this 
modulation period 

When the laser light is irradiated from the fiber array light source 66 to the 
DMD 50, the laser beamL (the beam) reflected at the time of ON state of the micro 
mirror of the DMD 50 is imaged (image-formed) on a light reflection 105 of the 
galvano mirror 104 by the imaging optical system 146. At this time, the galvano 
drive control section rotates the galvano rninor 104 witi:i an angular velocity 
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corresponding to the modulation cy de of the DMD 50. The beam modtdated by 
the DMD 50 every piedetennined modulation tyde is moved (sub scanned) along 
the sub scanning direction on the image display surface 103 of the screen 1 02. The 
two dimaisional imag? ranesponding to image data is projected (displayed ) on 
the imagje displ^ surface 103. 

As shown in fig?. 15 A and 15B, in the present embodiment^ in the DMD 50, 
the micro inirror colurnns of 600 sets, each of which 800 micro mirrors are 
arranged in the riiain scanning direction, are arr^ 

dirediorv However, in the present embodiment, the controller controls the DMD 
50 such that only a portion of the micro mirror columns (for example^ 1 00 sets of 
the micro mirror columns, tiiat is, 800 x 100 micro mirrors) are driven- 

As shown in fig. 15A, micro mirror ODlumns located in a central portion of 
the DMD 50 may be used, or micro mirror columns located in an end portion of 
the DMD 50 may be used as shown in fig. 1 6B* In additiorv in a case in which one 
(or some) micromiiror is damaged (has adefect), micromirrorcolLirnns which do 
not include a defect micro ixurror are used, ti\at i^ micro mirror columns which are 
used can be changpd appropriately depending on the situation. 

A speed of processing data of the DMD 50 has a limited maximum speed, A 
modulation rate (speed) erf an One line is determined in proportion to the number 
of pixels to be used. The modulation rate of the one line becomes faster by using 
only a part of the micro mirror columns compared with a case in which all micro 
mirror oslumns are used Note that it is not necessary that all micro mirror 
OTlumns in the sub scanning direction are used in a case of a display method in 
which an optical head is relatively moved continuously with respect a surface to 
be scanned. 
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For example^r in a case in which oonly 300 sets of the micro minor columns 
am^ong 600 sets of the micro mirror oolximns are used, the modulation rate per one 
line is two times as fast as that iri a case in whidi aU 600 sets of ti^ 
columns are used. Further, in a case in whidi only 200 sets of the micro mirror 
columns among 600 sets of the micro mirror coltimns are usect the modulation 
rateper one line is three times as fast as ihatin the case in whidK all 600 sets of the 
micro mirror columns are used. Moreover, in a case in which only 100 sets of the 
micro rnirror columns among 600 sets of the mictx) mirror columns are used, Ihe 
modiolation rate per one line is six times as fast as that in the case in which all 600 
sets of the micro mirror coltimns are used. 

More than or equal to 10 and less than or equal to 200 are desirable for the 
number of micro mirror columns to be used, that is, the number of micro mirrors 
arranged in the sub scanning direction. More than or equal to 1 0 and less than or 
equal to 100 are more desirable. An area of one micro mirror, corresponding to one 
pixel, isl5/^mxl5Aim. Therefore, when converting the above into a rx\icro mirror 
used region of the DMD 50, a region of more than or equal to 12 rnmx 150 nm 
and less than or equal to 12mm x 3mm are preferable, and a region of more than 
orequaltol2mmxl50 A^m and less than or equal to 12 rnmx 15 mm are more 
prefierable. 

K the numbers of micro mirror columns to be employed are within the 
above mentioned range, the laser beam emitted from the fiber array lig^t source 66 
is made substantially parallel by the ilkimination lens system 67, and can be 
irradiated onto the DMD 50, as shown in Fig. 2 and Fig. 3, It is preferable that an 
irradiation region to which the laser lig^t is irradiated by the DMD 50 agrees with 
the used region in the DMD 50. Because if the irradiation region is wider tiian the 
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used regtoa usage-efifidency of the laser lig^t becx)mes lower. 

As mentioned abov^ in fiie laser display device 100 rdating to the present 
embodiment mentioned above, at least the colunm direction of the arrangement 
directions of the micro mirrors 62 in the DMD50 isindined with respect to the sub 
scanning direction by the predetermined indining-angle 6 and the inclining- 
angje Ojis set in accordance widi ti\e scanning density of the beam (bundle of 
beams) in the main scanning direction on the image display surface 103* 
Accordingly, in a case in which j micro mirror^s 62 are arranged along the row 
direction corresponding to the main scanning direction and k micro mirrors 62 are 
arranged along the column direction corresponding to the sub scanning direction 
on the DMD 50, posLtions, which are difietent each other, on the same scanning 
line on the image display surface 1 03 can be scanned with N multiple of j (j x N) 
laser beams L(N is a positive integer, N ^ k) in accordance with the 
predetermined indining^^e Siof the column direction of the micro ixurrors 62 
with respect to the sub scanning direction Therefor^ by adjusting properly an 
amount of the indining-angle 9 ^ of the column direction of the micro mirrors 62, a 
pixel density of an image displayed on tine image display surface 103 can be 
increased to a desired density valua 

In the present embodiment mentioned above, the DMD is used as the spatial 
light modulation detn^ However, contrdling method, in which a transmiaing rale is 
made hi^ by using cxily a part of the pi xel portions (the micro nrnrors) of the spatial li^t 
modulation element (the digital micro mimr device), can be applied to other spatial light 
modulatic«i dements such as an optical shutter array, an interference shutter anay or the like 
whose structure is difi^nt fiom die DMD. Therefore, in a case in which the spatial li^ 
modulation element other than the DMD is used in accordance with the specification of the 
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device, a tirnismitdng rate can be made high by using only a part of the pixel portions. 

As the result^ (in a display device using an one-dimensional spatial lig^t 
modulation element such as a GLV or the iiho, it is necessary to incr^ise an 
installation niimber of the one-dimensional spatial li^t modulation elemaits in 
accordance with inaea^g of number of pixels of a displayed image in a display 
device, however) in the disp^y device of the present invention^ it is not necessary 
to incrrase an installation number of the ligjht modulation elements. Therefore, in 
the present embodiment^ an image having the desired pixel density can be 
displayed by only setting the indining-ang^e 9 1 erf the column diiectLon of the 
micro mirrors 62 in accordance with the desired scanning density, without 
increasing of number of the DMD 50 and increasing of number of pixels. 

Further, in the display device 100, the indining-angle Sjin the column 
direction is set such a plurality (N) of micro mirrors 62 are positioned at the same 
position along the main scanning direction. Therefore, the same position (the same 
pixd) on the same scannmg line along the main scanning direction on the surface 
to be scanned on the imagp display body is scanned N times (that is, multi 
scanning is carried out) by laser beams modulated by N micro mirrors 62 each of 
whidi is arranged in different columns in the DMD 50. Therefore, even if one 
(some) of the micro mirrors 62 has defect an image quality degradation of the 
display image caused by defect of this micro mirror 63. is not con^icuous, 
(A second embodiment) 

A laser display device 110 related to tihe second embodiment of the present 
invention will be eq^lained. In Fig. 16, the laser display device 110 related to the 
second embodiment of the present invention is showrt In the laser display device 
110, an image display surface 137 of a screen 136 is directly scanned by a color laser 
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beam lis^ in whidi a red laser beam a gre^ 

beam LB are mixed That is, the laser disp) ay device 110 is a projector-type device 
in whidi a color imagp is projected and displayed on the image display surface 137. 
Note that in the laser display device 110 relatjed to the second embodiment the 
same reference numerals are applied to the same components , members 
and structures as those of the laser display device 100 related to the first 
embodiment and the descriptions thereof are omitted. 

As diown in Fig. 16, the laser display device 110 is provided with three GaN 
semiconductor lasers (hereinafter, ID) 112^ 114 and 116, eadiof which is a taper 
amplifier type, and whidh emit ultraviolet li^ts (output = 3 W) in accordance with 
respective colors (ttiat is, a read color, a green color and a blue color), as li^t 
source devices. On an optical path of tihe laser beam LR emitted from the LD 112, 
an illiimination optical system 118, a DMD 124f and an imaging (image forming 
optical system 130, are disposed Further, On an optical path of the laser beam LG 
emitted from the LD IH an illumination optical system 120, a DMD 126, and an 
image forming optical system 132^ are disposed. Moreover, On an optical path of 
the laser beam LB emitted from the LD 1 16, an illumination optical system 122, a 
DMD 128, and an image forming optical system 134, are disposed, lisxe, flie 
illumination optical system 118, 120 and 122, the DMD 12^ 126 and 128, and the 
imagp forming optical system 130, 132 and 134 have tt\e common structures of 
those of the illumination optical system 67, the DMD 50, and the image forming 
Optical system 146 in tiie first embodiment respectively, except for that each of tihe 
illumination optical systjem 1 18, 120 and V2Z Ihe DMD 124^ 126 and 128, and the 
unage forming optical system 130, 132 and 134 is provided for the laser beam LR, 
LG,orLB. 
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In the laser display device 1 10, the laser beams LR, LG and LB anitbed from 
the respective LD 112, ID114 and LD 116 are inddent to the 
126 and 128 throu^ the respective illmnination optical system 118, 120 and 12Z 
Modulation is carried out by each DMD 124, 126 and 128 in accordance with 
image data of read^ greerv blue. These modulated 3 cxjlor laser beams LR, LG, LB 
are imaged on the 1 i ght reflection surf ac3e 105 of the ^vano iriimDr 104 by the 
respective imagp forming optical system 130, 132 and 131 Therv laser beams LR^ 
LGj LB are color-mixed on tine li^t reflection surface 105. 

In the similar way of the first embodiment, tine galvano mirror 104 rotates 
by an angular velocity corresponding to the modulation frequency of the DMD 
124 126, and 128. The color laser beam LM in which the laser beams LR, LG and 
LB are mixed is reflected toward the screen 136 by the galvano mirror 104> and the 
color laser beam LM is deflected so as to scan along tiie sub scanning direction. 
This color laser beam LM is projected on tihe imagp display surface 137 of the 
screen 136 through tirieFresnd lens 106, and a color imagp is displayed. 

Three types of luminophors^ which emit a red li^t a green light and a 
green li^t respectively when the color laser beam LM is irradiated thereon^ are 
provided in a disperse-manner every each display pixel. Here, for example, as the 
three types of luminophors, which emit a red light; a green ligj\t and a green light 
respectively, ZnCdSzAg is used as a red light lununophors, ZriS:Cu is used as a 
green light limiinophors, and ZnS: Ag is used as a blue light luminophors. 

In the similar way of tiie first embodiment, DMD 12i 126 and 128 is 
each disposed in a stightiy inclining manner such that a short side (column 
direction) of the DMD 124 (126, 128) is slightiy inclined wifli respect to the sub 
scanning direction (horizontal direction) in tiie screen 136 by a predetemiined 
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angje 0|(fore>cample;rO.l * -0.5 XAsiheiesult ajritchofthescanni^ 
(Ihe scanning lines) of the laser beams L by respective nucro iraiiors in a case in 
which the DMD 124 (126, 128) is inclined is nam) wer than a pitch of the scanning 
led (ihe scanning lines) in a case in which the DMD 124 (126v 128) is not inclined. 
Therefor^ a resolution can be much improved in the case in which the DMD124 
(126, 128) is indined. Ftirther, substantially same positions (dots) on the same main 
scanning line are scanned in a multiple manner (multiplex-scanned) by a plurality 
of micro mirrors on the differmt columns. As the result due to ihe multiplex 
scanning eveaiif ooeof themiax)niinor (sonieof miaonu^ 
(126, 128) has a defect such as an operation-NG or the like, an image defect on a 
display image caused by defect of a micro mirror can not be conspicuous (stand out). 
(A ttiird embodiment) 

Next, description will be given of a laser display device 200 pertaining to a third 
embodiment of the invention. The laser display de\dce 200 pertainii^ to the third 
embodiment of the invention is shown in Hg. 20. Tlie laser display device 200 is a 
projectcr device in which an image display surface 103 of a screen 102 is dirccdy scanned 
by laser beams L 1 , L2 and L3 (indicated bdow as * 1- 1 to L3' 0 that are respectively 
modulated by three DMDs 208, 210 and 212^ to therebyproject and display an image on the 
ima^distdaysurfece 103. Tlie laser disphy device 2ltX) is conligured as a ^ 
particulariy suited for displaying a moving image . It should be noted that, in the laser 
display device 200 pertaining to the third embodiment, portions shared in common with 
those of the las^ di^lay device 1 00 pertaining to the first embodiment will be given the 
same lefoence numea:als and description of those portiois will be omitted. 

As shown in Rg. 20, three fiber array li^t sources 202, 204 and 206 are disposed, as 
light source devices of the las^ beams L 1 to L3, in die laser display device 200. Bluraination 
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Gpdcal systems 67, the DMDs 208, 210 and 212 and imaging optical systems 146 aie 
respectivdy disposed on the cpdcal padis ^ 

these fiber anay li^t sources 202, 204 aixl 206. Here, the fiber array li^t sources 202, 204 
and 206 and the DNlDs 208, 210 and 212 in the laser dispky device 
canfigqtaficms in conmm with those ctf the 
pedainii^ to the fiist ^nbodinoit, eTCc^ 

disposed per hser beam LI to L3 . It ^ould be noted that the li^t source devices may be 
OHifigured so that a lasa* beam emitted fix)m a single fiber array li^t source is disposed 
into the three laser beams LI, L2 and L3 by a dispersion element sudhas ahalf miiTOr and 
the laser beams LI, L2 and L3 ate respectively irradiated onto the DMDs 208, 210 and 212 
In the laser display device 200, the laser beams LI to L3 emitted fixxn the three fibar 
array li^ sources 202^ 204 and 206 are respectively made incident at the DMDs 208, 210 
and 212 through the illumination qpticai systems 67 and respectively modulated by the 
DMDs 2CKS, 210 and 21Z Atthis time, control signals SI, S2 and S3 that cmiespond to 
respectivdy different image data are ir^Tutted to the DMDs 208, 210 and 212 fitm a 
contrdler 214 described later. The DMDs 208, 210 and 212 modtdate the laser besuiis LI 
to L3 to rB^)ectively diiferent stales in accordance with the control signals SI, S2 and S3, 
The laser beams LI to L3 modulated by the DMDs 208, 2 1 0 and 21 2 are respectively 
imagedonali^tHreflectivesur&ce lOSofag^vanoriiirror 104bytheirnagingoptical 
systems 146. 

Similar to the case of the first embodi ment, die gal vano mirror 1 04 i s rotated ^ an 
angular speed con:esponding to the modulation fi*equency of the DMDs 208, 210 and 212, 
reflects the lasor beams L 1 to L3 modulated by the DMDs 208, 2 1 0 and 2 1 2 in the direction 
oftfae screen 102, and deflects the laser beams LI to L3 at a predetermined subscarming 
speed along die subscanning directioa Tlie laser beams LI to L3 are projected throu^ a 
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Bnesndilens l()6towdsiespectivdydiffen^ 

image display sur^ 103 of the screen 102 to display images in the display legicNos AOl, 
AG2andAG3. 

The laso" display device ^ is disposed with the controlla: 2 1 4 for receiving control 
signals and image signals fixm a cential con^ 

image display operatioD. Hie DMDs 208, 210 and 212 and the g^lvano mkror 104 are 
contrdled by the controller 214. The controller 214 is disposed with a data processing 
secticm 216 and a minxDr driving control section 218. When imagp data of one fiame is 
iiipitted to a fiame memoiy, die cc»iti^ 

three kinds of partial image data respectively cone^ndiiig to the dispHay r^09ns AG 1 , 
AG2 and AG3, and outputs the three kinds of partial image data to the data pnxessing 
section 216. The data processing section 216 generates three kinds of control signals SI, 
S2 and S3 on the basis of the three kinds of ii^utted partial inoage data and outputs the 
control signals SI , S2 and S3 to the rranOT driviiig control section 218. 

The minor driving contrd section 21 8 respectively outputs the control signals Sl> S2 
and S3 generated by the data processing section 2 1 6 to the DMDs ^8,210 and 2lZ Thus, 
the miaoiiiiiiuf^ 62 (see Fig. 10) disposed in the region to be controlled in each DMD208y 
210 and 212 are contrdled to either an ON state or an OFF state. At 6ustime» the width 
along the subscanning direction of the region to be controlled of each DMD 208^ 210 and 
2 1 2 is as substantiafly the same as that of the region to be controlled of the DMD 50 
pertaining to the first embodinient Ho we vct, the number of control-times per unit time 
with respect to the rnicrornirrors 62 controlled by tibie control signals 81,82 and S3 are 
substantially 1/3 of the number of conlrol-times of the rracroniirrors 62 in the DMD 50 
pertaining to the first embodiment. 

Next, desoiption will be given of the action of the las^ display device 200 pertaining 
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to the tfaini embodinient confi^^ 

When the cOTlroller 214 recdves an image di^y signal, the CQntroller 214 
respectively drives the fiber aixayligjit sources 202, 204 and 206, soccessivelyreads line 
image data per respectivdy plural lines from the three lands of partial image data stored in 
the fi:amen:ienx)Ky» aid outputs d)e line im^ Hie 
data p[cooessiiitg sectioi 216 generates the control signals cm the basis of the three kinds of 
line image data and outputs the control signals to the mirror driving control section 21 8, 
Then, the microrairrors 62 of each DMD 208, 210 and 212 are respectively controlled, by 
the minxx driving contrd section 21 8, to the ON state or the OFF state chi the basis of the 
three kinds of generated control signals S 1 , S2 and S 3 . 

When an image of one frame is to be displayed on the screoi 102, the cOTtroller 214 
generates, fix}m the image data of the one fiame, the partial image data respectively 
conesponding to the di^Iay re^ons AG 1 , AG2 and AGS , and outputs, per pbcd 
modulating period fixm the frame memory to the data processing section 2 1 6, the line 
imag$ data respectively read fix»m the partial image data. 

The data processing section 216 generates the control signals pa* pixel modulating 
period on the basis of the line image data and outputs the control signals to the mirror driving 
control section. The contrcdler 2 14 uses the miiror drive control unit 2 1 8 to respectively 
coatixA the optically nKxkdated state of each xnicromirrGr 62 in die three DMDs 208, 210 
aiKi 212 on the baas ofthe three kinds of control signals. Tlius,theIaserbeamsLl,12and 
L3 respectively modulated by the DMDs 208, 210 and 212 are made incident at the galvano 
miiTGr 104 at respectively different angles of incidence, are respectively reflected by the 
galvano mirror 104 to the display regions AGl, AG2 arKi AG3, and are deflected along die 
subscanning direction so as to scan (subscan) the display regions AGl, AG2 and AGS at a 
subscamiing speed cQniesponding to ftie pixel modulating period. Thus, images 
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cxKrcsponding to the lespective partial image data are simultaoeousLy displayed on the 
display regions AG 1 , AG2 and AG3 witiiin a period of time cx^nesponding to the pixd 
modulaling paiod. 

The oonfroller 214 repeats the above-described conlrd per pixel modulating penod, 
\^di is a period where die image displayed on th^ l()2isiq)datedtDanewiii]age, 
wh^ebyanioviiigiinageisdispkyedondiesae^ 102 bythe laser beams Ll,L2andL3 
modulated by the DMDs 208, 210 and 211 

In the laser display device 200 pertaining to the present embodiment desaibed above, 
the laser beams LI, L2 aiKi enitted fixm the £^ 

are respectively iniadialed onto the three DME>s 208, 210 and 212, whose optically 
modulated states ate respecdvely changed in accordance Avith the three lands of partial 
image data caiesponding to the diq)lay regions AGl , AG2 and AG3, the plvxral laser beams 
LI , L2 and L3 (in actuality, li^t beam gpoups that are a set of light beams modulated by the 
rniaxjnmror 62) respectivdy modulated by the three DMDs 208, 210 and 212 are deflected 
along the subscaxMwng directicm by the gal vano mitrar 1 04, and the three (fisplay le^ons 
AGl, AG2 and AGS in tihie image display surfece 103 of the screen 102 are sucoessivdy 
scannedbytiie three laser beams LI, L2 andL3. Thus, the numberof display pixels along 
the subscaiming diiectian included in one of the display regions AG 1 , AG2 and AG3 
scanned by the conesponding laser beams LI, L2 and L3 inodulatedby die cociespondxng 
DMD 208, 210 or 212 of the Ihree DMDs becomes subst^^ 
display pixels along the siibscanning directicHi included in the entire image display surfece 
1 03 . Therefore, the number of modulating times per unit time with tespect to the 
nuoorrmtors 62 used in modulatiiig one of the laser beams LI , L2 and L3 in the one of the 
DMD 208, 210 and 21 2 becomes substantially 1/3 m comparison to the case where an 
image is displayed on the cntiie image display surface 1 03 using only the single DMD 50 as 
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in die laser display device 100 of the first embodin^nt Thetefoe, eadi pixel modulation 
period of the nncxonmrcrs 62 of each DMD 208,210and212canbe substantially tripled in 
aveiage. _ 

As a result, according to the las^ display device 200 pertaining to the present 
^hbodiment, an image can be nK)dulat^ 
inashctter period of tiniethanajdxel nKxki^^ 

modulatingperiod that eadi DMD 208, 210 and 212 has. Thatis, an image can be 
displayed at a &ster fiame rate (about three times faster) than the fiame rate ob tainsd by the 
pixel mahdating period that eadi DMD 208, 210 and 212 has, 

hi the laser di^lay device 200 peitaining to the present embodiment, tibe unage 
display sur&ce 103 in the screen 1 02 was divided into three equal regions alcMig the 
subscanning direction, and the divided regions were respectively designated as the display 
regions AGl, AG2 and AG3. However, the display regions AGl, AG2 and AGS may 
also be set 10 pardaUy o varlap in the subscanning direction. By making parts of the display 
regions AGl, AG2 and AG3 ovedap in this manner, the seams between each display region 
AGl, AG2 and AG3 can be made inconspicuous and an image (moving image) of higher 
quality can be obtained. 

Also, in the laser dii^^lay device 200 pertaining to the present embodiment, the 
divisional number of the imagp display surl^ 1 03 was three^ and the three displ ay legicxis 
AGl, AG2 and AG3 were s«- However, it suffices as long as the ^visional mimbea' of the 
image diqjlay surface 103 and the nun±»er of DMDs equal to the divisicwial number are two 
or more. By inoeasing this divisional number and the number of DMDs, it becomes 
possible to respectively accomnKxlate an inoease in the frame rate and an increase in the 
nuniber of pixels (resdution) along the subscanning direction in the display image, even if 
the pixel modulating period of each DMD is constant- Thus, the divisional number and the 
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number of DMDs may be in accordance with (fae fiame lateandiesdudon along die 
subscanning direcdon demanded of die display image. 

Rirthemiore, description was given of a case wiieie die laser display device 200 
pertaining to die present embodiment was a device that di sjday s a monocfarome image 
including a li^ source (GaN seoncooductor laser) of a sin^e color. However, as in die 
display device 110 pertaining to die second embodiment, by disposing DMDs of N nuihbar 
(e.g., dmee each) per the three color laser beams (of red, gneen and blue) and successively 
scanning N number of display regicMis widi the laser beams respectively modulated by die N 
number of DMDs corceqponding to a certain a]lor, die pixel modulating pedod of the N 
number of DMDs can be substantiany tripled m coniparison to 
display device 1 00 of die first en*odimfint, an image is displayed on die entire image 
display surface 103 using only the single DMD 50. Thus, an image can be displayed at a 
iasti^ fiame rale than the tiame rate obt^ 

has, while realizing MH;x)lari2atio!n of a hi^-definition display image. 
(TFcwtti Erhbodiment) 

Next, descrq)tion will be given of a laser display device 230 pertaining to a fourth 
embodiment of die inventicxi. The laser display device 230 pertaining to the fourtii 
enibodiment of the inv^on is shown in Rg. 2 1 . Similar to the laser display device 200 of 
die diird endxidiment^ die laser di^lay device 230 is a projector device in which die image 
dismay surfece 103 of die scieeti 102 is direcdy scanned by laser beams LSI, LS2 and LS3 
(indicated below as 'USl to LSS'O that are respectively modulated by diiee DMDs 232, 234 
and 236, to dieieby project and display an imags on die image display surface 1 03. Ihe 
laser display device 230 is configured as a device paiticulariy suited for displaying a moving 
image. 

As shovm in Hg. 21, three fiber array K^t sources 238, 240 and 242 are di 
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jyight source devices of the laser 

anay li^ sources 23 8, 240 aiKl 242 basically have tiie common structure of the fiber aitay 
li^t source 66 relating to the first enJxDdiment However, these fiber anay light sources 23 8 ^ 
240 and 242 have the structure as electronic fla^ light sources in whidi emission (electronic 
flash esnission) of constant intmsity vv^^ 

example^ I3fis) is possible. Ilhmmiation optical systems 67>andtheDMDs 232,234 and 
236 are respectively disposed m the q)tical paths of the las^ 
emitted fixMn these fiber anay li^t sources 238, 240 and 242. 

Hea:e,^DMD 232 modulates the laser beamLSl such that the c^>tical^ of die 
laser beam LSI agrees \vith the the optical axis of die imaging optical system 146. Ruiher, 
die las^ beam 1^2 modulated by the DMD 234 intersects 

imaging optical system 146 between die DMD 232 and the imagmg optical system 146, 
Furth^, the laser beam LS3 modulated by the DMD 236 intersects with die optical axis of 
die imaging optical systOTi 1 46 between the DMD 232 and the ima^g optical syst^ 146 
at the side of die imaging optical system 1 46 ^vidl req^ect to the laser beam L$2 (at the 
upstiean side of the optical padi). 

In the laser di^lay device 230, a first half mirror 244 is disposed at apositionat 
which the optical axis of the imaging optical system 146 and the optical axis of die las^ 
beam IJSS.lhe first halfinirror 244 is stnjK^tured such diat does not 

deflect at die first half minxx* 244 but transmits dirou^ the fiist half miira- 244 toward flie 
side of die imaging optical system 146. Togedier with this, the first half mirror 244 is 
stmctured such diat die laser beam Iii3 is deflected oiti^ 

and outgoes tow^d the si<te of die ima^g optical syst^ 146 such that the qptical axis of 
the imaging optical system 146 agrees with the optical axis of the laser beam LS3. 

FurthCT, in the laser display device 230, a second half mirror 246 is disposed at a 
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posidoQ at whidi the qptical axis of the imaguig optical system 146 and the optical axis of 
the laser beam LSZ The seccHid half mif^ 
aiKi lil3 do x«t deflect at the second half 

244 toward the ^ of die imaging qptical system 146. Together with tfiis, the first half 
nmor 244 is structured sudi that tii^ 

half mirror 246 and outgoes toward the ade of ftie iinaging c^cal system 1 46 such that the 
qpdcal axis of the imaging optical system 146 agrees with the optical axis of title laser beam 
LS2, 

Thus, in flie laser display device 230, the laser beams LS 1 to LS3 emitted fixnn three 
fibo" array li^t sources 238, 240 and 242 are re^)ectively made incident at the DMDs 232, 
234 and 236 thiough the illumination optical systeins 67, and t^^ toLS3 
respectively modulated by the DMDs 232, 234 and 236 are made incident at the imaging 
optical system 146 throii^ a fiist half rnirror 244 and a socra 
half mimr 246. At this time, line contrd signals R1,R2 and R3 that coni^^ 
respectively difFa:ent line image data are inputted to the DMDs 232, 234 and 236 frcma 
controller 248 described later. The DMDs 232, 234 and 236 modulate the laser bea^ 
IJS 1 to 1^3 to ieq>ectively dififeient states in accent 
R3, Thelaserbeainsliil to 153 modulaledbythe DMDs 232,23^ 
respectively irnaged on die Ught-^flective surfkie 1^ 

imaging optical system 1 46. Togetha with this, these laser beams LS 1 to LS3 are coiribined 
to a single laser beam L on the light-reflective sur^« 105. 

Siniilar tt) the case of the first eriibodiment, the g^l 
angular speed conesponding to the modulatiam fbequ^icy of the DMDs 232, 234 and 236, 
and thegalvano mirnr 104 reflects the laser beam L toward a direction of the screen lOZ 
Togetha- with this, the laser beam L i s deflected at a predetenrrined subscanning speed 
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alcHig the subscamm^ dkection. 11^ 
and projected in Ae ima^^ 

image di^^y surfeioe 103. _ 

The laser display device 230 is jrovided with the controller 248 for receiving control 
signals and iniage signals fit>m the central conliol section of the device and contiollmg the 
image display operation. The fiber airay li^ sources 238, 240 and 242^ the DMDs 232, 
234 and 236 and the galvano mirror 104 are controlled by the controller 248* The 
contit>llCT248 is disposed with a data processing secticMi 250 and a nmrar driving control 
section252. When image data of one frame is iiq^ittsed to 
248 divides the image data of the one frame ir^ thr^ 

corcespcmding to tiiie line regions AL 1 ^ AL2 and AL3, and outputs the three kinds of line 
image data to the data pjtocessing section 250. The data processing section 250 generates 
three kiiKls of line control signals Rl , R2 and R3 on the basis of the three kinds of iqnitted 
line image data and outputs the control signals Rl , R2 and R3 to the mirror driving control 
section 25Z 

TTie mmx driving control section 252 lespectivdy outputs the line control signals 
Rl , R2 and R3 generated by the data pressing section 250 to the DMDs 232, 234 and 236 
at a predetermined modulating pmod T. Heie^ the modulating period T is a time 
calculatedby(Ti^xNQ in a case where ibane is aline m^^ of each main 

scanning line configuring a display image, and the number of DMDs 232, 234 and 236, 
whidi aie two-dimensional space optical modulation elements, is M (=3). Thus, of the 
nricromiirors 62 (see Rg. 10) disposed in the region to be controlled in each DMD 232, 234 
and 236, the plural microminxKrs 62 arranged in the main scanning direction are ccxitrolled to 
eiflier tibe ON stale or the OFF state, and this optically modulated state is changed by the 
modulating period T. In this case, the micromirrors 62 whose optically modulated state is 
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diaxi^ed by the line cratrol signals R 1 , R2 and R3 are not limited to niicraminm acranged 
in one row along the niain scanning directic^ a case v^oe one main scanning line is 
nniltiply scanned by plural micromitrors 62^ the optically modulaled states of the 
micromirroi:s 62 indiided in rows of a number equal to the number of multiple scans ans 
suxHjltanooudy dtianged by (be line control signals Rl , R2 and R3 . 

deso^ption willbe givat of the acdon of the laser display device 230 pertaining 
to the foittlh embodin^ configured as desoibed ate 

124 When the controller 248 lecdves the image diq)lay signal, the ccxHroller 248 
respectively drives the fiber array light sources 238, 240and 242 at the niodulatingpedod T 
so that they successively ennt li^t for a time substantially equal to the line modulating 
period Tl or a time fliat is sligjitly shorter than the line modulating poiod Tl, successively 
reads the line image data per respective line from the three kinds of line image data stored in 
the fiamem^noiy,aiKl outputs the line image data to th^ Hie 
data processing section 250 genexates tfie line control signals on the basi^ 
of line linage data and outputs the contid signals to the niinor ^ 

Hien, as shown in the timing chart of Kg, 22, the micromirrars 62 arranged in the 
main scanning direction of each DMD 232, 234 and 236 are lespecth^ly ccMitrolled, by the 
niintr driving cmnxd section 252, to the ON state or the OFF st^ 
kinds of generated line aHitrol signals Rl , R2 and R3 . As shown in the timing diart of Hg. 
22, the data contents of the line contrd signals R 1 , R2 aixl R2 ars leqiecth^y updated at the 
modulating period Tl and, in synchronization with the updating of the datacontenits, the 
optically modulated states of the microminors 62 airanged along the main scanning 
direction of cadt DMD 232, 234 and 236 arc also iqxla^ 

Also, as shown inHg, 22, each fiber array li^t source 238, 240 and 242 
successively emits light at the modulating period T for a time substantially equal to the hne 
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modulating period Ti.« Thus, ifas laser beams LSI toLSSarcsuooe^velymadiatedoQto 
the DMDs 232, 234 and 236 foe Ibe time substantially equal to the line modulating period T^- 
Thfrefoe, when the fiber anay li^ sources 238, 240 and 242 are thou^t oEas a single 
light source device^ this li^t source device successively emits the laser beams LS 1 to LS3 in 
synchrodzatioQ with tfie line modulating period usix^ the fibar amiy li^ sources 238, 
240 and 242. The DMDs 232, 234 and 236 respectively modulate the laser beams LS 1 to 
IJS3 in accOTdance with tinie line control signals Rl,R2m^ The laser beaniB LSI to 
LS 3 modulated by the DMDs 232, 234 and 236 are successivdy made incident at the 
galvano mim)r 104 at a timing shifted by the line 

single laser beam L on the light reflection surface 105. Together with this, due to the 
laser beam L being deflected by die galvaiK) mimx 104, the lasCT 

on the images display surfece 103 of the saeen 102 to display image cotresponding to image 
data of one fiame on the inra^ display surfece 103. 

Afier di^lay of an image of one fiame has been conpleted, &e controller 248 
repeals the above-described ccwitrol per pixel nncdulating period, which is a period whene die 
imagp displayed on the screen 102 is updated to a new image, wh«eby a moving image is 
displayed on the soreen 102 by the laser beams LSI, LS2 and LS3 modulatedby the DMDs 
232, 234 and 236. 

In the laser display device 230 pertaining to the piesent embodiment described above, 
the laser beams LSI to LS3 strobe (electronic flash)-emitled by fee fiba- a 
238, 240 and 242 in synchronization with die line modulating pmod \ are successively 
irradiated onto die three DMDs 232, 234 and 236, the laser beams LS 1 to LS 3 successively 
modulated by the rnicrornirrQts 62 aitangied alcnig the main scanning direction whose 
c^cally modulated states are changed at the modulating period T in the three DMDs 232, 
234 and 236 are combined (syndiesizcd) to the single laser beam L by the gal vano miirar 
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aiKi tfie saten 102 is scanned by the 
to IJS3 incxiulated by ttie Aree DMDs 232, 234 

sin^e lasCT beam L, and the scaneen 1 02 is scanmd (projected) to di^lay the image, tf^ pbcel 
modulating p^od of the micronrnrors 62 anai^gcd along the subscanning direction 
connesponding to one main scanning lin^ 

conqjarison to die case whm an imagie is displayed on the entiie screen 1 02 using only the 
single DMD 50 as in the case of the first enibodiment 

As a result^ according to the laser display device 230 patainmg to the pieseiH: 
endxKliment, an image can be nxxliilated» >vhile realizing hig^ definition of a di^lay image, 
in a shorter period of time dian a pixd modulating pedod obtained by the spediGc pixel 
modulating period that each DMD 232, 234 and 236 has. That is, an image can be 
displajfled at a faster ftame rate (about 

spedfic pKel modulating pmod that each DMD 232, 234 and 236 has . 

Bi the laser display device 230 pertaining to the present enibodiment, the dxee line 
regions ALl , A12 and AL3 were s^ in the subscanning direction on the image display 
surfeice 103 in the screen 102 and an image was displayed using the three DMDs 232, 234 
and 236 so fliat they req)ectively corregxMid to the three 

However, it suffices as long as the setting number of line regions and the number of DMDs 
equal to the setting number aie two or more. By increasing this setting numba: of line 
regions and the numba of DMDs, it becomes possible to respectively accommodate an 
increase in the frame rate and an increase in the nurriber of pixels (resolution) along the 
subscanning direction in the display image, even if the pixel modulating poiod of eadi 
DMDisconstant Thus, the divisional nuniberniay be set in accordance 
rate and resolution along the subscanning direction demanded of the display image. 

As the display devic3es relating to the first to the fourth embodiments, the 
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display devices comprising tiie DMD as Ihe two dimensiQnal spatial modulation 
element have been explained Hov^ever, for example, a liquid crystal K^t shutter 
array or an optical shutter array in v^hidi spatial modulation demeata of an 
interference type ate arranged in a two dimensional manner, can be used. Her^ an 
optical modulation element (an interferenoe type optical dnutter) in which Fabry- 
Perot interference is used can be used as the spatial modulation element of the 
interference type. 

Refening to Figs, 17, 18 and 19A and 19B, this interference type optical 
dfiutter will be described heiernafter. As shown in Figp. 17 and 18, the interference 
type optical shutter is provided with an electrode (an one of tiie electrodes) 303, an 
electrode (another of ft\e electrodes) 304> and a flexible thin plate 307. The one of 
the electrodes 303 is disposed so as to have a pnedetemoined angle with respect to 
an incident li^t The other of the electrodes 304 and the one of the electrxxles 303 
face each other so as to have at least a space therebetweea The flex^ 
307 is disposed between the other of tt\e electrodes 304 and the one of the 
electrodes 303, and is transparent The flexible thin plate 307 is deflected (warped) 
by Coulomb force generated by applying voltage between the other of the 
electrodes 304 and ihe one of the electrodes 303. A light transmitted through ftie 
deflected flexible thin plate 307 is modulated, and modulated ligjht is emitted. 

The one of tfie electrodes 303 is moimted on a transparent substrate (base 
plate) 301, and a dielectric mtdti-layers mirror 305 is disposed at the upper side of 
the one of the electrodes 303. Further^ supports 302 are provided on the 
transparent substrate 301 at left and right sides thereof. The flexible thin plate 307 is 
provided on upper end surfaces of the respective supports 301 Another dielectric 
multi-layers mirror 306 is provided at a lower surface facing the dielectric muJti- 
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layers minor 305 of ihe flexible thin plate 307. Aocx)rdingjiy, a space 309 is f onned 
between the two dielectric multi-layers mirrors 305 and 306 which are positioned 
at an upper position and a lower positioa Further, the otiier of the elediodes 304 is 
provided onan upper surCaoe of the flexible thin plate 307 so as to face the one of 
the electrodes 303- 

Ih the interference type optical shutlser constructed in such a manner 
mentioned above, as ^own in a state in Fig. 19 A, in a case in which applying of a 
power voltagp Vgs between the other of the electrodes 304 and the one of the 
electrodes 303 is OFF, an interval of the space 309 formed between the two 
dielectric mvilti-layers mirrors 305 and 306 positioned at the upper position and the 
lower position is t off. On flie other hand, as shown in a state in Fig. 19B, in a case 
in which applying of a power voltagp between the other of the electrodes 304 
and the one of the electrodes 303 is ON, an interval of the space 309 f onned 
between tfie two dielectric multi-layas mirrors 305 and 306 positioned at the 
upper position and tiie lower position is t oil That is, when the voltage Vgs is 
applied between the other of the electrodes 304 and the one of the electrodes 303, 
ihe interval of the space 309 becomes narrow due to that the flexible thin plate 307 
is deflected by the generated Coulomb force- 
Here, t off is adjustable when manufacturing of the flexible thin plate 307, 
Further, controlling of t on is possible due to balancing the applied voltage Vgs 
and a restoring force generated when flie flexible thin plate 307 is deformed. A 
spacer member may be formed between the electrode 303 and the flexible thin 
plate 307 in order tiiat a displacement becomes constant In a case in which the 
spacer is an insulator, there is an eflFect in that the applied voltage can be reduced 
due to a relative dielectric constant (more tiwi or equal to 1) of the spacer. Further, 
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in a case in which the spacer has a conductivity, the efifect becomes greater. The 
dectrodes 303 and 304> and the spacer can be made from tiie same material. 

As shown in Fig. 18, in a case in which an angle between a suifece normal of 
the optical shutter and the incident lig^t is 6i, a light intensity transmittance of 
the interference type optical shutter is given by the following formula. In this 
f omuila, R is a lig^it intensity reflectance of the dielectric multi-layers mirrors 305 
and 306, n i s a refractive index of the space 309 (in a case of an air, 1), t is an interval 
(distance) of the space 309 between the dielectric multi-layers nrdrrors 305 and 306, 
and A is a wavelength of light 



it= 



l+4Rsin2 



2 7c ntcos 6 i 



(l-R)' 
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Hei«, t on and t off are set as Mo w (m « 1) . t on = 1 / 2 X A (rmi^^ 
A (ran), A = 405 ran. Further, ttie K^t intensity reflectance (of titie dielectric nrnlti- 
layers nrdrroisSOS and 306) R- 0.9, the incident light 0i = 0 (deg), and the refractive 
index (at the space 309) n - 1 (a gas in the space 309 is an air or a rare gas) . The 
characteristic of the li^t intenaty transmittanoe with respect to waveLength in the 
interference type optical shutter is that a li^t is not transmitted througjK the 
shutter at all in a case in which voltage Vgg is not applied On a case of t off), and a 
li^i;. whose wavelength is in a wa velength-ieg^ on around the wavelength of the 
semiconductor lasrar li^t 405 (nm), is transmitted through the shutter in a case in 
which voltagp Vgs is applied (in a case of t on). 

In the interference type optical shutter, the flexible thin plate 307 is deflected 
by the Coulomb force generated by applying the voltage Vgs between the other of 
tiKe dectrodes 304 and the one of the dectrodes 303, and a light transmitted 
fhrou^ the flexible thin plate 307 can be modulated due to ttiat multi-layer 
interference (effect) is generated. Note that the lig^t intensity reflectance of the 
dielectric multi-layers mirrors 305 and 306 E, the refractive index of the space 309 n, 
the interval of ti\e space 309 1 and the Hke can be changed whenever interference 
condition is satisfied (ary suitable combination of rv t and the like can be used). 
Furiher, when the space t is changed continuously by varying the voltage Vgs, a 
central, wavelength of the transmit- spectrum can be changed optionally As the 
result;, transmit-light amount can be continuously controlled. That is, step 
controlling by the applied voltage can be earned out 

In the optical shutter array in which the above mentioned interference type 
optical shutters are arranged in row direction and column direction corresponding 
to the main scanning direction and the sub scanning direction respectively in a two 



57 



dimensional manner, in ttie same way of ttie first and tiie SGa:)nd embodiments, a 
resolution can be improved much, and even if some of the interference type optical 
shutters have defect animagedefectof ttie display image caused byjdefect of the 
interference type optical shutter is made non- conspicuous, by at least the column 
direction in the arran^ment directions of the interference type optical shutters 
being inclined wifti respect to the sub scanning direction by a predetermined 
indirdng-angle 6j 

Further, in the display devices relating to the first to the fourth 
embodiments, tihelaser beams L and LM aie irradiated on the image display 
surfaces 103 and 137 of the screens 102 and 136, and images are displayed by 
reflection lights from the image display surfaces 103 and 137 and enciissions form 
luminophors. However, the present invention is not limited to the same. It is 
possible to apply the feature of the present invention to a laser display device of 
back- projection type in which the laser beams L and IM are irradiated on bade 
surfaces of tire image display surfaces of display panels, and images are displayed 
by transmitting lig^t transmitted through the display panels. In this case, the effect 
which is the same as those of the first to the fourth embodiments can be obtained. 

As mentioned above, in tiie dispky device of the present invention^ 
increasing of number of spatial lig^t modulation elements and increasing of 
number of pixels can be suppressed, and hi^ definition of a display image is easily 
realized. Further, manufacture cost of the device can be suppressed. Further, an 
image can be displayed with a frame rate which is hi^er-speed (faster) than a 
frame rate obtained feom the inherent pixel modu) ation period of flie spatial li^t 
modulation element while bi^ defimtion of a display image can also be realized. 
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